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i electrical dtrevdtas The bites and construction of 
b eonconitant apparatuo de taken up dn detail, The method 
| 1 i@ thon applied te the specific problens of 
uouring the half-lives of the Asotopes sluntnun twenbye 
iv y ond aluminum twentyeaix, which result fron the bone 
- of magnesium twentyefouwr and magnesiua twentyeLive 
vely with protons ageelerated by a Yan de Graaff 
‘* The values obtained for the halfelives are ree 
as follows: alucinuun twenty-five «= soven ond eleven 
/ seconds plus or minus thirteen hundredths of a 
 t@tonds eluminun twontyecix «e seven ond sixtyeone hundredthe 
| seGonds plus @ ndnus twentyeone hundredths of a seconds In 
‘data the capabilities and licdtations of the now method 
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iietoriocal Review and Introduction 


efore progeding to a deseription of « now methed of 


measuring the half-lives of shortelived radioisotopes 4% ia 


perhaps advisable to deseribe some of the methods which have 
been used suecessfully in the paste In thie reocard Rowlands + } 


has given an excellent review of several methods, sone ff 
which will now be discussed, 


Attempts to measure the halflife of va o* (1.55210 
90Gs) gave rige to three different methods of measuring 


ghort half+lives, a11 of which depend on the radioactive 


daughter isotope of interest being formed from a radioactive 
parent whose half+life is long compared to that of the 
daughter, These methods aay be called (1) the pulselengthens 

ing method, (2) the delayed pulse method, and (3) the 
e@eCillosespe method, 

The pulseelengthening methed has been developed by 

Dunworth(2) ana Rotblate'?)» [) 4 utstices two counters, 
one of which is sensitive te the beta radiation from Aa © and 


one of which is sensitive to the alpha radiation from Ba 6’, 


The pulses from the two counters aro amplified separately, 
wade of wiiform dae, om) then fed into a coincidence cirevit. 
The length of the beta pulces is varied and the number of 
ecincidenoes per unit time observed as a function of the 
length of the pulse, That the graph of the coincidences per 
unit tine versus the length of the puleo is the inverse of 
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' taken, the result is 


the 8a C' decay curve may be seen from the considerations 
below, 
The general law of radioactive decay may be written 


w= ne"*® : (2) 


where N * the numbar of atoms of a radioactive material 
‘remaining at the end of a tine t j fi, = the initial number 
of atoms; and a = the decay constant. 


af Ny be put equal to one and the differential of {1} 


dps wye™® ae (2) » 


’ Prom (2) it way be seen that the probability for a given 


atom to live a time t and then decay in the interval from 
t to t¢dt te ac*4%at, Thus the probability for the exis» 
Sion of an alpha particle during the time v, or what io the 
Game thing, the rate of coincidence when the beta pulse hae 
@ length v is 

C= ofa eae (3) 
where 2 is the decay constant of ta C' and 0, is the inde 
tial number of Ra GC’ atons. 
SValuating the integral in (3) leads to 

C* Cony (Lno*t) (4) 
where Cney 16 the maxinoum eodneidence rate, which will be 
attained when v becomes infinite, For infinite tT, 0 = Om, * 
lige From (4) 2% oan be seon that the coinéidence rate in- 
ereases exponentially with the betaspulse length in a manner 
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determined by the decay constant a, “ence 2t de possible te 
compute the halfelife of Ka c’ from the experimental relae 
tionship observed between the coincidence rate and the 
length of the bete pulse. 

The delayed pulse sebhod has been deveLoped by 


@eeobsen and Sigurgeirrson (), A@in the previous mothod 


two counters are used, one sensitive only to beta radiation 
and the other sensitive oniy to alpha rediations The oute 
pute of the two counters are fed inte a eoineidence circuit 


ae before, ow, however, instead of lengthening the beta 


pulse the arrival of the beta pulse is delayed a variable 


 Jength of time, Aa before the probability that an atom dee 


ays in the interval between t and tedt is ae™7* at, hen 
the pulse widths are short compared to the halflife being 
measured this is equivalent to the probability that a coine 
@idende be recorded after the beta pulse has been delayed t 
unite of tine, ‘Therefore the coincidence rate may now be 
expressed as 

Gs Hof a0" at . 
where t is the delay time of the beta pulses ty is the max« 
feam length of time by which two pulses mey be separated and 
still be recorded as a coincidencey Ais the decay constant 
of ta c’ § and Ng is the initial mumber of Ra 6’ atoms, Ine 
tegration of (5) gives 

@ # tge AT ( doo™**) (6) « 
If one now denotes by ©, the value of © when T © 0, 4% is 
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easily seen that 


; lig * G/(1 » o* 4%) (7) « 
With this substitution (6) becones 
Ge ¢, qt — (8) 


Fron (Ss) te is clear that a graph of the observed rate of 
goineidence vorous the deloy tine of the beta pulses will 


give a decay curve for ta ¢' from which the halflife may be 
easily computed. 


_ The eseillosecope methed has been developed by “owlendes 


t. (6), (7) Two counters are used ag in the previous two 


methods. “hie method does not, however, utilise a coin» 
Sidenes circuits instead, the beta pulse is used to trigr¢er 
@ Singlo sweep on a cathode ray oscillograph and the alpha 
peloe is applied to the vertical deflection plates, By this 
weane it is poseaible to observe directly the tine intervals 
between pulses aimply by noting the position of the alpha 
Pulwe on the os¢iliograph cereen. ‘the wumber of — pulses 
observed after a time delay t will be 


ys tp f**a0n"® at (9) 


where av is the wna diet unit of tine observable on the 


oeeillecraph time seale being usedj a is the decay constant 
of Ra C’ and H, de the initial number of fa C’ atone, As in 
the delayed pulse muothod this may be readily integrated to 


a oat anal (10) - 
where now Ni is the number of alpha pulses having a sero tine 
| 4 
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bi delay} by analogy te (7) BS is equal to Mm, ( pao" 4% , 

ci ge at te evident that a plot of alpha pulses versus observed 
| “delay tines will give a decay curve for Ra of fron which 
i “the halfalife can be casily deternined, 

Lee It appears on the ourface as though none of the throe 

_ wethods just deseribed gould be utilized to measure the 
_——hafeisge of a radioactive dootope Which 48 the cole product 
_ mueled of, say, a nuclear reagtion and whieh decays to a 

_ ghable isotopes, Actually, however, De Benedett and 

: | BeGowan!28) have shown that the delayed pulse method may 


2 te used to meneure the half-life of a sinsle isolated 

 Paddoagtive material. Several other nethods aloo applicable 
bo this ease will now be distussed., 

sss Tm & method originated by Moseley and Pajano!®) ana 


developed by Decker and Gaerttnor'?) 9 target 19 deposited 
|e a Giak which rotates at hich spect, The target ie then 
Donbarded with nuclear projectiles fron sone sort of an 
- ageelerator, and the activity te measured ae a function of 
a the angular displacenent from the point of boubarduent. 
¥ From this data the half-life of the activity may easily be 
tt Computed s 
ane MU IO RES RR 
to give short bursts of particles, In between the bursts, 
the counter measuring the radioactivity of the target is 
@onnected in turn for equal tine intervols to eaeh of ten 
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@eparate recorders, The halflife of the activity vay then 
| be easily computed from the data obtained, Cassels and 
 bevhanm claim that thie method io good for halfslives range 
ing from 100 microsecs to 1 sets The factor which sete a 
lower limit to the half-life measurable by this technique 
de the retovery tine of the counter beine used to measure 


‘the activity, The use of scintillation counters, which have 


fetovery tines on the order of 2078 86Gy, would increase 


the vance of applicability of this sethed considerably. 


For halfelives longer than a few seconds, a target nay 


ded and then reseved to an adjacent counter of 
gene rt which wenasures the activity and the decay of the 
induced radioactivity, ‘the main difficulties im this pro» 
cedure are getting the radioactive target from the place of 


bombardment to the counter before the activity has decayed 
| too rush, and devising a timing mechaniom to accurately fin 
the tine intervals during which the counter ecuntes The 


tember of counts obtained suct also be recorded in sme 


fashion, ‘he ¢ounting interval should, of course, be reason 

_ @bly small compared to the halflife being seasured. Differs 
ent research workere'4)+(12)4(22) pave devised various methods 
_ - %© Surmocunt the difficultics mentioned, Yor more specific 
-—iaformation the Literature may be consult ed. 


In general the methods for measuring short half-lives 


fast deseribed have Minited ranges of applicability and ree 
quire complicated electronic cirouits which are not availe 
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able commercially, The new method which will be dese¢ribed 
dn this thesis has a range of applicability from approxi«~ 
mately 2 ndlideces to 1 mins and utilises for the most 
‘part commercially available equipment, The associated 
electrical circuits which met be constructed are simple in 
 ~—s design and not difficult te assemble, Although the method 


; 

‘was designed for use with a Yan de Graaff generator, 16 

|  @euld easily be adapted for use with any other type of 

, @e@¢elerater, After the senoral theory and constrvetd on of 


¥ the @quipment have been discussed, descriptions of two exe 
—spperiments utilicing the method will be civens The results 
| of these experiments will be discussed and finally future 
| applications of the method will be sugested, 


| General Description of Method and “quipment 


The method discussed below was devised for use with the 
Van de Graeff generator at Ohio Jtate University, A general 
deseription of the pieces of equipment necessary and the 
tasks performed by each follows. 

A Ghutter was constructed to interrupt the Van de Graaff 
generator beam, Simultaneously with interrupting the bean 
the shutver actuates a miercewiteh which in turn actuates 
@ relay raising a lead shield from betwoen the target being 

“pombarded and an active \ielger tube, The pulses from the 
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Geiger tube are fed into the vertical deflection plates of 
_ —-« @ Cathede ray catilloscopes The nicroswiteh mentioned 
|‘ Before also closes an clectric cireuit which triggers a 
, | arene sweep of the electron boam across the face of the 
: eeeilloscope., Fositioned at definite intervals along the 
tine axis of the eset lloseope are three lnoite tubes which 
‘pape light to three separate type 931i photonultiplicr 
2 “tubens Sach photomultiplier tube is followed by ite own 
> meaeadaad and ite azn independent sealers Thus dw ing 
@ single eweep of the electron beam across the face of the 
Meksthinecge a@ certain number of pulses will be "seen" by 
-@aeh photetube and recorded on the appropriate sealer, This 
will @ive three points on a detay curve of the activity being 
Counted, Of course, this routine must be gone through many 
times to obtain sufficient counts on each scaler to give a 
emall probable error, The time baso of the cecilloscope 
sweep must be adjusted to a value comensurate with the half= 
life of the activity being measured. 
It ie seen from the preeeding description of the new 
method that the equipment necessary ist 
(2%) A Yan de Graaff generate, 
(a) A shutter ll interrupting the Van de Graaff 


(3) A Geiger tube. 

(4) A cathode ray oscilloscope. 

(5) Three phototubes with individual preanpli- 
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Figure | ae§ heton’: of arrangement of 


Various equipment. 


fiers and independent outputs. 
(6) Three sealers. | 
| oy Vie (7) Various voltage supplies. 
_ ‘Figure i is a sketoh Gstnstonhins the proper relationship 
of ¢ ipment, Items (2) and (5) 4n the above list 
 romtee & special description since they had to be designed 
end constructed, 
= ss Pgure 2 da a sketch of the shutter used in this works 
{ , Aw ean be inferred from the sketeh the motivating force far 
te shutter is provided by a solenoid, shen this solenoid 
ee by a bawd switch in series with a 200 volt Ds Cy 
i ere * supply the soft 4ron core ie drawn ineide the solenoid, 
eae “eutting off the Yan de Greaff beam and actuating the micro= 
 gitveh, ‘The golenotd draws 70 milldamperes of current. When 
the hand switch is turned off a spring draws the shutter 
" back oo that the Yan de Graaff beam ie again bombarding the 
Pigure 3 is a cireult diagram of one phototube md ites 
preamplifier, There are two more identical units, Several 
general references were consulted in the design of these 
eireuits. (13) 9 (24) 9 (15), (26) (27) 
Pigure 4 49 a photograph of all three units complete, 
— ghowing the lucite tubes and the framework by whieh the whole 
ta fastened to the fa0e of the oscilloscope, The lucite 
tubes were first shaped and then cerented to the 931-i 
phototubes by means of Canada balsam, ‘he phototubes were 
10 
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| Painted black to keep out undesired stray lights 4 pressure 


fit for the end of the lucite tudes againat the face of 
_ the oscilloscope was found to be satisfactary., It should 
be noted that the variable resistances placed in the 
; pRototnde cireuite permit independent 
| voltare across each phototube (within cortain limits). 


adjustment of the 


othe was found to be necessary sinte the 931«4 tubes used 


a, 


——— a a ee 


—T 


- 424 not Inve precisely the same character!sties as a funetion 
of voltage, It io imperative that the same number of 

@ounts be registered by each phototube from the same source 
ef light impulses, Sy adjusting the voltage properly on 
eath phototube it was possible to attain this desired con« 


Specific «xperinents Performed 


| after this equipment was designed and constructed, it 
was decided to apply it to the problem of determining the 

half-lives of the two radioisotopes 41° and a2®°, both of 
whieh are in the neighborhood of 7 sot, Sinee there was no 


mieep time as large as 7 set, available on the osedlloscope, 


4% became evident that the coneral method already deseribed 


would have to be modified alightiy for thie problem, An 
gumbldary sweep cirenit of the ded red length could have 
been built, but this was decided against in favor of a 


much simpler ideas, Instead of triggering a aweep across 
A 
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the face of the oscilloscope the electron bean was left 
. floeussed cn a spot direetly under one of the lucite tubes 
 Sonnected te one of the phototubess The other two photo» 
aes were disconnected completely, foriodieally a voltage 
, | was applied to the horigontal deflection plates of the osetle 
_ Moneope to move the spot out from under the lucite tube of 
Vj, “the active phototube, This methed had the definite advane 
| ee that all of the pulees from the Geiger tube wore 
a eounted while the slettron beam spot was focussed under the 
| Incite tube. 
ss Phe =perfodic application of a deflecting voltage to 
‘the horizontal deflection plates of the ostillosceapse was 
aceonplished ae follows. 4 stealer was set to a scale of | 
6% and then allowed to count the 60 cycle Ay Cy line free 
quency, ‘The result ing pulse every 64/60 of a second was 
fed into an external register, ‘the external register had 
@ sliding metel contact which made contact with the ro= 
Cating wheel of the mechanical register, However, at defi+ 
nite intervals around the wheel seoteh tape was pla ced go 
a that the electrical contact was broken perdodieallg, In 
- partdeular the scotch tape was arranged so that the elee- 
 trteal contact was nade for 2(64/60) seconds then broken 
<] “for 3 (64/60) seconds. Yor convenience hereafter (64/60) 
Bees WiLL be spoken of as one time unit, vith a 22 1/2 volt 
battery dn series with the clectrical contact and the 
horizontal deflection plates of the oscilloscope, the photo« 
| , as 
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eer did nob count for 3 tine 
Vcquighiaeugaleeninduneds 


i odin € ones the ‘i sobeeiieaeaae peer the ‘shidiee 

y wae net large enough to trigge: a Tracerlab auto» 

Is had triggered an Atomi¢ Instrument Co, Model — 

bovine very nicely, but this sealer was not avetlable 

fo — purpese of count ing the phototube pulses, Conse« — 

? bly a twoestage anplifter wae designed and constructed 

* nit the preamplifier poles enough so that the auto~ 

Y would record it, The cireuit diagran of this ampli» 

' te given in Pigure 5» 

. ereanas the nodifications mentioned above, the follow. 

, Waa performed. A target of isotopically pure* 

ime boribarded with protons of energy 624 kovy This 

4s at a resonanee poak for rig®( pr) an??, After 

for thirty set, a ewiteh was thrown actuating 

yg Goloncid which pulled the shutter up, interrupting the 

(Van @o Graaff beam and cloeing the microswiteh, The micro- 

} er losing actuated a relay which lifted a lead shield 
fron betwoon the target ond an active Geiger tube, The 

| ye ue aerlaaghedesteaumannale lea 
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| oscilloscope and the phototube ¢ounted these pulees for — 


2 timesunit intervals, During the three timee-units delay 


the number of pulses registered in the preceding two time 


 wnite was recorded, This sequence of events was repeated 


many times to get sufficient counts to insure a low probae 
ble error, The data so obtained are given in Appendix I. 
| A Similar experiment was then performed with a target 


of nig? » using protons of energy 560 kev. This energy is 
at a resonance peak for vg?5 (p,r)ar®®, The data obtained 


4n this experiment are given in Appendix II. 
Analysis of Data and Discussion cf Results 


In the first experiment described the muclear reacticn 
occurring is known '* 9) to be ng? ( pix )ar?? so the radio= 
isotope whose activity would be measured is Al®?, All of 
the data obtained for the first time interval (2 time units) 
were added together as were those for all the other time 


4 intervals. This gave ultimately five points on the decay 
‘eurve of AL@5, Fagure 6 is a plot on semi-log graph paper 
of the results obtained from the data listed in Appendix I, 

The variations plotted are one standard deviation in length, 


The background ecunting rate was measured approximately in 


the middle of each. experiments <shile taking background 


data the shutter was closed, with the Van de Graaff beam 
bombarding it, and the lead shield was raised, Before 
18 
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arting to record the background counts, the induced 
ba: et tvity of the target was allowed to decay for one minutes 
‘The value ofa standard deviation was obtained in the 
Llowing manner, Suppose the total number of counts for 
, : tine interval to be my If there were no backround 
- @ounts, the standard deviation,e , would be WR. The fact 
i, | he there are background counte must be considered, however, 
a: Uabreee tas the nunber of background counts in a civen tine 
i _tatervas 16 vy Then the standard deviation will be 
i: | Ce (1). 
q 4 if To actually determine the halflife of al®5 fron the 
| ata tn Appendix 12 Ling yas fitted to tho date using 
i ‘the method of Least squares, A short derivation of the 
fi ; pa of this uethod te etyon, 48) 
i“ ty, ‘ Suppose a set of points, of which only the y oor. 
dinate ic susceptible to error, when plotted on graph paper 
— aggest a linear relationship with equation 
Bg y¥ * um +k (12)— 
¥ ‘Tow, let dy be the difference between the ordinate of the 
of ith point and the corresponding ordinate of the linc. Denote 
. ‘the weight of vy by Wye The method of least squeres agsunes 
| i ‘that the best fit will be obtained when the sun of the 
| Wy wy (4, )* is a eneme This may be expreseed as follows: 
gud Faber +H? 0 
is to be ae 


eS ee 


» hoeubad. ode gxeuuen bawermpiosd er Pianeta sate 

eoduahn eno,.4ad. 49902 02 bawolls gow Joyisd ed? Yo Ys chu biog 

odgiatt bentesdo.eay aotvsiveb biahasés @ to ogkev.odd, we } aa 
Wo? aIan0o toy tedmar Ltdes. od cage’ «teangn serena 
basosgdced ca atew eters Mh atods oe Sevreent or ckit nore 
dogt eff» « UV od Divow , Omedsotveh Sushaade ode eu8 
slevewed: »hoyoblenge ed seum evasco bavotadosd eng wtet? onde 
Srey ehrernnchenneant wenn inher 
Od Lidw gatdelvok, basbgsde, ond nedt + ot Lowmtay 

Tl err ee fo 2 eo errs ak 

‘etree: Mia te eration 000 sxtmrioen tient on 

antes stab ed? of DogSEomwanks a T xbbneath.at ofa 

odd to aoktaviseb trode A «setanps seneal to bovitom add 

rae ttone “meloues wl sod (OP pnowky, oh bodran- | 

soapy add tnd dotdy 20 yatstog 1 16 aee.2 ecg 
segeq fqotg a6 detsedq apdw ytimeateanaayeeuneetie 6 

(odin weit 5)  mabseupe A x ae 
oak t phBR) odo tts “oy baad danciaiinbitins a | phbehial ae . . | 


a) 
1 
ae a 9 
ree * 
ars 


ixpansion of (13) lends to 
2 « ren * m — 
Z£u,05 £ wy (¥F many + i" CUNY gy ekg 
# alone, ) (Us) 
This may be further simplified to 
24,4; * k Zw, mk F Ww, bi EW ,x, ekEW Ys 


omg Wx ,7, * ZuyyG | (15). 
Gonsider this now as a function of the two variables m and 
Ke vay s_ W445 o£ (uk) How to determine the 
Minima of £ (m,k) sco functions of m and k respectively 
ome neais only to take the partial derivatives of £ (m,k) 
Piret with respect to m and then with respect to k and in 
@aeh Gase to set the result equal to sero, This gives the 


following two equations in the two unknowns m and kt 
Os m 2k sw ax, + 2m LW,Xso2 Swyx.y, * 0 
Pi Mall ZW 4% Lush yn? J Wa s7y 


Pee * ek ZW, + 20 TWyKy ~ e207 5 es } 


The acluticn to these equations way be written down 


(16). 


dumediately by Craner's rule and is 
z We aly a a) ZW g%q Zw g%y) 4 
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fy ia givos the solution da gmerals 
Mow fn thie caso the actual equation of the radiooetive 
| being cbeorved is 
y * ke™ | (19) 

@ & de the tine coordinate, y ts the ousting rate, and 
eins) bs (maja. To identify this aitwation with the 
dght line theory just developed one need only take the 
wariths of both aides of (19) te got 
: Ve t se hale gt Oh te o Aa (20)4 
“Bone puts y! © logy, yy m' * m logy, @ and bY ® Lowy, ly 
ption (20) begones 

opt em se! (24) 
- whieh is obviously tho form already treated. 
i RR eer factor, 
ty be 00 For che y}, 20 (29303)* yg» vith yy oubdstituted 
for yy and wi substituted for wyy equation (27) way be used 
a eeepuce che conssante af and k? fn eration (22) 
i, The total number of counts, yy, obtained fn the ith 
Fetes tacervad was plceted ot the center of the incermide 
BME Sik cor Gem go eres ao ar 
a To be move precise one should use for xy the 
quantity %, given by 
Lee te 1" ax (22) 

vers the Mists of sntogratson aro from the indtiel x 
| @oordinate to the final # coordinate of the ith interval , 
} . 2 


i 1 


is 
vi ry 


i OC | teeny eenmantinns « a 
“etme ymin 
w tj ; ef Bevwwads sate 
(ety | Pema: 


bas oder snarl is eC geez brat vats of ae 2 
ee Arie fobsauote aig? yYitdaabs of win cg oes | 
[Ste xo toon oa teeta ent: st eat 3 wi Bs 

oo og (et) Yo aobh & pe Re | 


. aA 4 (0s) geet sagees tes? 
apt epee a oa | 

| wensmed (08) te. my mag 

a ong | ee od hk, MIR i! 


ws Uev.3 & ‘ 
eboonene et esis Amerie oa 


mr 


seinen th tale ‘ae Mecca an fend al 
boos od wer (NE) moi same gift WA moaptatetens De tin 
e(£5) oko’ Rb if nae Su esaavare oft o 

at 0 at Knehastn uy cotanid wo Site 16 Wit : 
or 


A te the cacay eontens of the radioactive mterial 

t measured, Note that an asouned velue for a is 

fe ce ear bo evaluate equation (22), Moreover the fitted 

) u0 of A depends on 24 $ hence a nethod of successive 

rimations mat be useds 
enemas 
apap 4f the ccunting intervals are of constant 

hy and only the slope of the decay curve ia desired, | 

 roeiee thet eald be weed Lf ene wishes to em 

} the decay curve back to gero times 

me | the a@tual conduction of the oxperinent it was 

| | ) Yo wved that following the turning on of the count switch 
1% yee ataler, a brdef period of tine elapaed before any 

| oanke wore rogistereds ‘Thus the sealer seened to have an 

| S Vaieren delay tine between the tine the count owitch was 

7 a - turned on and counte were actually recorded. On the basis 

“of thie observation it was necessary to discard the data obe 

| tadnod for the first tine interval since actusliy the scaler 
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, four points were used to devorndon the halfslivee of 

the Padiolectopes, 

t fable 1 is a mumery of the AL? data needed to coupute 
_ the halfelifes The y, wore determined from the data in 

Aopen I, and o was computed by utilizing formule (11), 


was not functioning properly fer the full 2 tine units, Thus 
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Using Table 1 and ecuations (17) one my easily come 


pute m’ and k', ‘The quantity m" 19 computed to be 

| mpOh535 (time units)", witie te’ comes out to be 3477559. 
| Row since mn’ © m logy, 0 © ol3hiny 

04515 / oh3h © wg 1040 © 4693 / Habe (23)0 


From equation (23) the halflife of a1°?, Hele, de readily 
found to be 6447 time unite or 7.11 sec, 
It has been shown (32) that an estinate of the standard 
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error of m' may be obtained fron 


(SoBe in m")® © Cop o* (ant) (2h) 


2 = ew /o° (25) 


o) . which D’ 4s a0 D defined by equation (16) with My subs 
ea _settuted for wy and yj for yy} 


‘ 


oP exe) = Emi AR /Mnep) (26) 


dm which n is the number of points to be fitted, and p is 


the munber of adjustable parametors. In this ease nep is 2, 


Application of equation (24) leads to Sei, in m' © =.00300 
and ultimately the 4.8. in the half-life of A1?5 = 3,20 see, 


Thus the half-life of a®? is reported as 7.11 = old SOC es, 


where 413 = (+67)(Ssi) = probable error, Figure 6 4s a 
@vaph of the decay of aus, 

The data listed in Appendix II is surmarized in Table 2. 
Gouputations procisely similar to those rade for Al) were 
performed for A226, indteating the half@life of A176 to be 
761 2,22 800s, where the 2 ec c0@s is probable error, 
Pigure 7 is a graph of the decay of a®6, 

The values obtained by theae experiments for the half 


‘Baives of a1? and 4.26 should now be compared with values 


reported by other research workers using different method. 
Bradner and Gow!29) nave reported the half-life of «179 to ve 
743 980, They bombarded mg*? 0 with protons from a linear 
aceslerator and found an activity of 7.3 see, which they 
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| that the results of this oxperinuent agree quite closely with 
9 those of Gradnor and Gow for 4125, Bradner and Gow did not 

f give the details of their experimental arrangement, nor 

‘the energy of the bombarding protons, nor probable error 

in their result, ‘There are vory few reports in the litera« 
ture listing a halflife for 1179, This is undoubtedly due 

te the fect that only recently have separated isotopes of 
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Mg been available, The common procedure in the past has 
been to bombard a target of unseparated magnesium with 
protons. this gives a mixture of the two isotopes ai? 
and 41°, and since their halflives are so close together, 
the decay curve obtained cannot in general be resolved 
_ inte two componente, 

| mite in contrast to the ease for Al®? there are many 
yalues reported in the literature for the halflife of 
a6, The latest value is 543 set, and was reported by 
Bradner and Gow in the came article in which they reported 
on Al*9, The reaction they used in this case was 
ne@6(p,n) ay26 where again the protone were supplied by 
@ linear accelerator. (ther older valueg!#0)=(26) in the 
literature for the halflife of a6, however, range from 
7s soc, to 65 see., with most of the valucs centering 
around 7.0 see. Bradner md Gow have suggested that the 
760 Set, halflife normally given for Al®® 49 probably a 
mixture of an and 2.26, This may be txue in some tases 
bat 10 is difficult to gee how 4t could possibly be true in 
others, For example, Perlman and Priedlander'®°) used the 
 peaetion al®7 (y,n) 2126 wnich certainly sould have given 
then almost pure a6, Any 4175 which they would have 
gotten would eve ¢ome Orom the reaction ar®? (7, 2n) ay® 
whieh has a very seall cross seotion compared to the (yyn)_ 
reaction, ‘The half-life reported by them for a*6 was 
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| 740 gees <affler and Hitreei'*2) neve also used the a1”? 


(rym) A2®6 reactions they report the halfelife of A1*® to 
be 7e2 sets In a pioneer experiment in this Pteld Prison (#3) 
employing the reaction a3 (a,n) ar®© optatned a value 

of 221 soc, for tho halfelite of A127, Huber et at'26), 


j lcivtas the reaction a1?? (7 ,n) 42%, obtained a half-life 


of 7e2 : a5 sec, for ai26, In all eases reported! 22)5 (24), 


(25) where one would reasonably expect the true activity 


measured to be a mixture of aa®> ena 4126 only a simple 
decay curve has been ciserved, This would tend to indicate 
that the true halflives of an*? and ay®6 are quite ¢lose 


together. 


The value found in this oxperiment for the half-life 
of 4126, He6h 242i SeC,., does not agree with the 6.3 see, 
of Bradner and Gow, No explanation is offered for this 


 @iserepaney other than the fact that the value found in 


| this work does agree with that reported by re searchers (2) 


ether than Bradner and Gow. ne poscible explanation is 


‘that there are two isomeric states of 4° Wth quite close 


Diseussion of New Method's Capabilities and Lindtae 
tons | 
It is manifestly to be regretted that there was no 
opportunity to eonduet an experinent which would have 
utilized the new method in its originally deseribed manner. 
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: on pw en) hindeond of ow other radioisotopes was the 
fae’ that this knowledge wae desired in eollaberation wth 
tome work at thie university of Ws 8. Taylor and iy Ns 
usceld on neasuring nuclear resonanee peaks for the re# 

a ng@ (pr) a2? and ve®5 (pr) 4226, the author 

8 certain that 1f tine would have permitted the pere 

ce of mother experizent, the apoaratus described 

4 2. have worked satisfactorily in its originally dee 
_—-seribea Way e 

The main advantages of this new method are ite sine 

i) plieity of design, the fact that it utilises mostly come» 

" neretalty available equipment, and ite great flexibility of 

“applicats. mm over a wide range of half+lives, 1 milliseesto 

1 mine For all halfelives longor than 1 sec, the adaptation 

used in che Al”? and a2 experiments 40 probably nore 

ce # practical than the firsteidescribed nethod. 

‘ One of the limitations which chould be nenticned 

; ! " Aneludes the large nusber of rune which would be necessary 

| to Ansure @ small provable error using the first methods 

Since the half-life would be computed on the basis of only 
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nethod were to be used to measure halfLives shorter 
v4 ‘Shan epprontneteiy 10"? sens, the Geiger tube should be 
- weplaced by a seintillation sounter, This would pe necessary 
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sin Geiger tubes have Goad tines on the order of 10°" see, 
ie, too many cofneidenge counts would be lost, Actually 
shinee seintillation counter dead tines are of the order of 
wt 80¢4, this method 4s capable of nesouring half-lives 
Hoy n the order of 10°? sot, Af an auxiliary fast oscilloscope 
‘ a . » wore construgted, and 4f an electroni¢ shutter of 
ome type wore utilised, 
| - Another minor Mdmitation 4e the fact that in the nodd« 
4  fieation ewphoyed in the current experinents the nusber of 
Counts obtained at a civen voltage setting on the 931A 
| Phototube fe very sensitive to the gain conttol on the 
ty amplifier used, This made it necessary to calibrate the 
| phototube part of the apparatus by feeding a known Pree 
 queney pulse from a pulse generator into the vertical dee« 
{ fleetion plates of the oseilloseope and adjusting the gain 
control on the amplifier until the sealer connected to the 
 eutput of the phototube recorded the correct number of ecounte,s 
_ ‘The variable controls were not touched again then during an 
' _ @ntire experiment, In reality thic 4s not a serious defect 
} since @ll that is actually required is that the gain rovain 
 @onstant over the few seconds of each individual run. 
| —s«s Phere are several radioisotopes whose half-lives might 
profitably be cheeked by this new methods Some of these 
are listed below, vogether with the reported values of the 
half-lives, '#7) (30), (52) 
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Another very interesting experiment which could be 
done would be to meagure the halflife of 422° from the 
reaction Ne”9(p,r) a1°6 for airrorent energies of the bon 

youn protons. Different values of half+lives at differ 
«ss @nt energies would indicate the existence of isomeric states 
of 426, curran and strothers!*>) performed this experts 
met with an unseparated Mg target in 1939, and their re» 
males sungest the possibility thet indeed different half~ 


- Lives might be found at different bombarding proten energies 


Summary 


A new mothod of measuring short half+lives in the 

| Pange from 1 millisee, to 1 mins has been described, This 
method has then been applied to the problems of determining 
‘the half-lives of 4125 ana 026 with the following results: 
DY ghMferysas & 129 see, 1 .1%07s6a & 21 2004 Some capabtide 

: thes and limitations of the method have boen discussed and 

I fubwre applications have been sugrested. 
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